INTRODUCTION
The KOMAC (Korea Multi-purpose Accelerator Complex) is one of HPPAs (High-Power Proton Accelerators) which are under construction at the KAERI (Korea Atomic Energy Research Institute), Korea. It aims to generate 100-MeV proton beams at the beam current of 20 m4, CW. Refer to Table 1 for the major beam parameters of the KOMAC accelerator. of the disadvantages of the buttons is that, it is difficult to predict the PU sensitivity using analytic formulas. In fact, the PU sensitivity for low-beta beams can not be practically determined even by experimental methods, due to the difficulty of simulating electromagnetic fields from the low-beta beams. We have decided to utilize the computer code for determining the sensitivity of the button-type PU. We have chosen the MAGIC code which is a kind of the PIC (Particle-In-Cell) code and can treat the particle and electromagnetic system in the full three dimensional manner. 
DESIGN OF BPPM PU
The theoretical estimation of the sensitivity of stripline PU was established by R. E. Sbafer.[ll It is basically 2D theory and can not he used for designing the button-type PUS which are 3D features. There are commercial electromagnetic codes that can simulate 3D geometries, including the MAFIA T3. But the MAFIA T3 can handle only ultra-relativistic particles and can not be applied to low-beta beams. (The port boundary of the MAFIA T3 can accept only TEM mode whose phase velocity is equal to that of the light. And low-beta beams generate fields that are not in the simple TEM mode.) Limitations of the Shafer's theory and the MAFIA code have led us to consider on using the MAGIC code. It is versatile and can handle arbitrary combinations of particle beams and electromagnetic structures. Default beam parameters used in the simulation are shown in Table 2 . The left figure of Fig. 2 is the voltage waveform developed between the inner and nuter conductors of the coaxial line. As expected, they are considerably longer than the beam bunch length, which is due to the axial extension of fields from the low-beta beams. (p = 0.08 for E = 3 MeV) With increasing the beam energy, beam fields concentrate in the transverse plane, and the pulse widths of signals coupled to buttons are shortened approaching that of charge distribution in the beam. This is shown in the rigbt figure of Fig. 2 which is the signal waveform for the beam energy of 100 MeV. The dependence of the PU sensitivity on the beam energy was simulated with result shown in Fig. 3 . As expected from the Shafer's theory, the sensitivity increases dramatically with decreasing the beam energy. It also increases with increasing frequency at low energies but converge to the same value at high energies. . .
MAGIC simulation.
Button diameter = 12 mm. Beam energy and beta are 3 MeV and 0.08 respectively.
Note that the sensitivity for 700 MHz was about 7.5% larger than that ofthe 350 MHz. In order to confirm the validity of the MAGIC simulation, we have simulated the BPM PU of the PLS (Pohang Light Source). The PU consists of four buttons with 9.5-mm diameter installed in vacuum chamber that has diamond-like cross section. Table 3 compares some of simulation results with experimental measurements. Beam parameters used in the simulation are; Beam energy = 2.5 GeV, Average (Peak) current = 200 (1600) mA, Bunching frequency = 500 MHz, Bunch length = 26 ps. The measured signal amplitude may contain substantial errors due to our rough estimation of the cable attenuation for the wide-band pulses. Simulated sensitivity values needs further refinement with finer meshes. The fabrication of the PU that consists of buttons, coaxial feedthroughs, and vacuum chamber is in progress at the Hitachi Electronics in Japan. A sample PU that is composed of one button + feedthrough and vacuum chamber will be fabricated by the company and its electrical performance will be tested in the Pohang Accelerator Lahoratoxy.
BPPM ELECTRONICS
The signal processing electronics should provide both CW and pulsed measurement of beam position and phase for the beam current ranging from 0.2 to 20 mA (40-dB dynamic range). Resolution and stability are required to he better than 50 p.-For tbis, the LR (Log-Ratio) electronics would be the best choice since it has large acquisition bandwidth (> 5 MHz) and reasonable dynamic range (50 dB).'*' Resolution performance is rather marginal (-50 Fm at 20-mmq Beam pipe) but can he improved by the averaging multiple samples. Commercial LR electronics is already available from Bergoz Instrumentation at reasonable price. Phase measurement circuit could he fabricated in house, or custom-ordered from the company to make it integrated into the existing LR electronics avoiding the necessity of expensive connectors and cables.
BCM DEVELOPMENT
Efforts for developing BCM hardware will be saved by collaborating with companies including the Bergoz Instrumentation. In order to make BCMs highly stable and immune to hunch-length changes, it is recommended to limit the measurement bandwidth by tuning the current monitor to a specific frequency among various spectral contents in the beams. This can he realized by providing small capacitance, C in the winding of high-permeability core, which will oscillate at the frequency determined by the formula f = 1 1 2 z a where, L is the leakage inductance of the winding."' By adjusting the value of C, the oscillation can be tuned to a specific harmonic (e.g., 350 MHz) among the beam spectrum. The oscillation should be made low Q to avoid excessive or erratic responses. Prototype BCMs based on the above operating principle (Tuned-CT) are under fabrication in the company and their performance will be tested at the KOMAC accelerator.
CONCULSION
We conclude this article with the following summarizing remarks:
1. A button-type PU for use in the KOMAC (Korea Multi-purpose Accelerator Complex) accelerator was designed utilizing the MAGIC code.
Dependence of the PU sensitivity on the beam energy and the frequency well corresponded to the theoretical predictions.
Simulation results of the PLS (Pohang Light Source) electron BPM PU reasonably agreed to the experimental measurements.
"Tuned-CT" for measuring beam currents with high stability (5E-4) is under development with the collaboration with the Bergoz Instrumentation.
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